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Depressive and anxiety disorders are often first diagnosed during adolescence and it 
is known tliat they persist into adultliood. Previous studies often tried to dissociate 
depressive and anxiety disorders, but Inigh comorbidity makes tinis difficult and maybe 
even impossible. The goal of this study was to use neuroimaging to test what the unique 
contribution is of depression and anxiety symptomatology on emotional processing and 
amygdala activation, and to compare the results with a healthy control group. We included 
25 adolescents with depressive and/or anxiety disorders and 26 healthy adolescents. 
Participants performed an emotional face processing task while in the MRI scanner. We 
were particularly interested in the relation between depression/anxiety symptomatology 
and patterns of amygdala activation. There were no significant differences in activation 
patterns between the control group and the clinical group on whole brain level and ROI 
level. However, we found that dimensional scores on an anxiety but not a depression 
subscale significantly predicted brain activation in the right amygdala when processing 
fearful, happy and neutral faces. These results suggest that anxiety symptoms are a 
better predictor for differentiating activation patterns in the amygdala than depression 
symptoms. Although the current study includes a relatively large sample of treatment 
naive adolescents with depression/anxiety disorders, results might be influenced by 
differences between studies in recruitment strategies or methodology. Future research 
should include larger samples with a more equal distribution of adolescents with a clinical 
diagnosis of depression and/or anxiety. To conclude, this study shows that abnormal 
amygdala responses to emotional faces in depression and anxiety seems to be more 
dependent on anxiety symptoms than on depression symptoms, and thereby highlights 
the need for more research to better characterize clinical groups in future studies. 
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INTRODUCTION 

Depressive and anxiety disorders often have their onset during 
adolescence; adolescent prevalence rates for mood disorders are 
estimated to be around 10%, and rates for any anxiety disorders 
are as high as 24.9% (Kessler et al., 2012) and Costello et al. (2011) 
found a continued increase in the prevalence of depressive and 
anxiety disorders from adolescence to adulthood. It is also known 
that the comorbidity between depressive and anxiety disorders 
during adolescence is high. For example, within a clinical group of 
adolescents with a depression diagnosis, almost half also had an 
anxiety disorder (Essau, 2008). Comorbidity carries clinical rel- 
evance because it predicts a more negative outcome: Lewinsohn 
et al. (1995) reported a poorer global functioning in a comorbid 
depressed-anxious group than in the "pure" depression group. 



Elucidating the underlying neurobiological mechanisms of 
these disorders may be crucial to fully understand the negative 
outcomes in adolescent depression and anxiety. fMRI studies in 
particular can be helpful for relating disturbed psychological and 
neurobiological processes with clinical severity. A better rela- 
tionship between neuroscience and clinical research may result 
in better diagnoses and increased understanding in the future 
(Pine et al., 2008). However, studies investigating underlying neu- 
robiological mechanisms generally focus on adolescents with a 
specific disorder, without fully taking comorbidity and dimen- 
sionality into account (e.g., Brotman et al., 2007; McClure et al., 
2007; Monk et al, 2008b; Yang et al, 2010; Perlman et al, 
2012; Strawn et al, 2012). In the current study we included a 
group of adolescents with depression and/or anxiety disorders 
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and investigated the neurobiological correlates of emotional face 
processing with special regard for the individual differences and 
symptom dimensionality of these disorders. 

Adolescents with depressive or anxiety disorders are known 
to show similar disturbed emotion perception (Thomas et al., 
2001) and regulation (Bar-Haim et al., 2007; Shechner et al., 
2012). In the last decade, a number of task-based fMRI stud- 
ies have focused on the brain mechanisms related to emotion 
processing in depressed and anxious adolescents (e.g., Thomas 
et al., 2001; McClure et al, 2007; Monk et al, 2008a,b; Perlman 
et al, 2012). In these studies, participants are often asked to pas- 
sively view, label, or rate emotional faces. For instance, in a study 
by Mingtian et al. (2012) adolescents were asked to recognize 
and match faces by emotional expression, while in other stud- 
ies, they were asked to interpret emotional faces by focusing their 
attention to their own internal state or to other more external 
objectives in the face (i.e., McClure et al, 2007). In these stud- 
ies, the amygdala is consistently reported to play an important 
role in the processing of emotional faces (Fusar-Poli et al., 2009; 
Whalen et al., 2009). The amygdala is part of the social infor- 
mation processing network and the overlapping face processing 
network (Scherf et al., 2012). It is known that the amygdala plays 
an important role in learning associations between a stimulus 
and its emotional significance (Tottenham et al., 2009). Prior 
research indicated that amygdala activity increases in response 
to both positive and negative face stimuli (Davis and Whalen, 
2001; Somerville et al, 2004; van den Bulk et al., 2013). Meta- 
analyses show that the amygdala is most strongly activated for 
fearful and disgusted faces and to a somewhat lesser extent for 
happy and neutral faces (Costafreda et al., 2008; Fusar-Poli et al., 
2009). However, amygdala activation not only depends on emo- 
tional valence but also on the cognitive demands of a paradigm. 
For example, explicit face processing (e.g., directing attention to 
emotional features of the face) increases bilateral amygdala acti- 
vation relative to implicit face processing (e.g., diverting attention 
to nose width; Fusar-Poli et al., 2009). Also, amygdala activation 
decreases when participants are instructed to label faces or to 
indicate their own subjective feeling compared to a passive view- 
ing condition (Costafreda et al., 2008). Overall, the amygdala is 
strongly involved in emotion processing and an important brain 
area for underlying neural correlates of depressive and anxiety 
disorders. 

Studies investigating the neurobiological correlates of emo- 
tional face processing in adolescents with depressive disorders 
have found inconsistent associations with amygdala activation 
(Monk, 2008; Hulvershorn et al., 2011). For example, a study by 
Thomas et al. (2001) showed blunted amygdala response to fear- 
ful faces in a group of adolescent girls with a major depressive 
disorder, while two other studies showed heightened amygdala 
response in mixed gender groups with a major depressive disorder 
(Roberson-Nay et al., 2006) or youths at high risk for depression 
(Monk et al, 2008a). In contrast, studies in anxious adolescents 
were much more consistent, as multiple studies reported height- 
ened amygdala responses to fearful and angry faces (Thomas 
et al, 2001; McClure et al, 2007). For example, a study by Monk 
et al. (2008b), in which they scanned youths with generalized anx- 
iety disorder, showed heightened patterns of amygdala activation 



in response to briefly presented masked angry faces. Based on 
these studies, differentiating patterns of amygdala activation dur- 
ing face processing tasks seems to be related to depressive and 
anxiety disorders and it might indicate an underlying neurobi- 
ological mechanism of depression and anxiety. However, it is not 
yet completely clear what the unique contribution of depression 
or anxiety is too these differentiating activation patterns. 

Only a few clinical studies in adolescents investigated the rela- 
tion between amygdala activation and symptom severity (Thomas 
et al., 2001) or the difference in patterns of amygdala activation 
between depressed and anxious adolescents (e.g., Beesdo et al, 
2009) when studying emotional face processing. For example, 
Thomas et al. (2001) correlated daily self-reported anxiety with 
amygdala activation in adolescents with depressive or anxiety dis- 
orders. They found a significant positive correlation between daily 
reported anxiety and activation in the amygdala. More recently, 
Beesdo et al. (2009) reported common patterns of amygdala acti- 
vation between adolescents with depression and adolescents with 
anxiety during active fearful face processing (focused attention 
on internally experienced fear). However, during passive viewing 
the anxious adolescents showed hyperactivation of the amygdala 
while depressed adolescents showed hypoactivation. These results 
indicate that there are common and distinct neural patterns of 
amygdala activation between depression and anxiety that might 
be explained by task design or disorder-specifics characteristics. 

There are also a few studies that investigated the relation 
between self-reported levels of anxiety (within the normal range) 
and amygdala activation in non-clinical adolescent or (young) 
adult samples (e.g.. Monk et al., 2003; Somerville et al., 2004; 
Stein et al., 2007; Ball et al, 2012). In general the results of these 
studies showed a positive relation between levels of anxiety and 
amygdala activation suggesting that levels of anxiety influence 
amygdala activation. 

Although there are some studies that investigated the rela- 
tion between depression, anxiety, and amygdala activation in 
both clinical and non-clinical samples, more research is nec- 
essary to further delineate the unique contributions of depres- 
sion and anxiety symptomatology to differentiating patterns of 
amygdala activation during face processing. This will aid in 
understanding individual differences between adolescents who 
have (comorbid) depressive or anxiety disorders and how they 
perceive and regulate negative, neutral and positive emotions. 
Also, using a dimensional approach is in line with the Research 
Domain Criteria approach (Insel et al., 2010), which is intended 
to provide a new classification framework for research into psy- 
chopathology. Therefore, the purpose of the present study is to 
investigate the underlying neurobiological correlates of emotional 
face processing in treatment-naive adolescents with a depres- 
sive and/or anxiety disorders and in matched healthy controls. 
We were specifically interested in whether there is a relation 
between severity of depression or anxiety symptoms and acti- 
vation patterns in the amygdala within a comorbid depres- 
sion/anxiety group. This creates the opportunity to investigate 
depression and anxiety dimensionally instead of only using a 
categorical distinction between the two disorder groups. Based 
on previous studies we expected heightened patterns of amyg- 
dala activation in the clinical group compared to the control 
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group. Based on prior findings by Thomas et al. (2001), we also 
expected a strong positive relation between self-reported anxi- 
ety symptoms and amygdala activation (see also Monk et al, 
2003; Somerville et al, 2004; Stein et al, 2007; Ball et al, 
2012). 

METHODS 
PARTICIPANTS 

Functional MRI data were collected for 25 treatment naive ado- 
lescents with a clinical diagnoses of a current DSM-IV depressive 
or anxiety disorder [Mean Age (SD) = 15.44(1.53), 21 females] and 
26 healthy controls [MeanAge(SD) = 14.65(1.55), 23 females]. The 
sex distribution was unequal with a higher number of females 
than males due to the focus on internalizing disorders, which 
occur more often in females than in males. Within the clinical 
group 17 adolescents were diagnosed with a depressive disorder, 
six with an anxiety disorder and two with an adjustment dis- 
order with depression and anxiety characteristics (see Table 1). 
All adolescents took part in the larger EPISCA study (Emotional 
Pathways' Imaging Study in Clinical Adolescents). 



Table 1 | Group characteristics for the clinical and control group. 



Clinical group Control group 
(/V = 25) [N = 26) 







N 




N 


P 


Females 




21/4 




23/3 


n.s. 




Mean 


SD 


Mean 


SD 


P 


Age 

Full scale IQ 


15.44 
105 


1.53 
8.73 


14.65 
106 


1.55 
111 


n.s. 
n.s. 


Clinical DSM-IV 
diagnoses 


N 


% 








Depression 
Dysthymia 
GAD 
SAD 

Adjustment disorder 
with dep./anx. 
Anxiety disorder 
NOS 


1 
10 
3 
2 
2 

1 


13.7 
19.8 
5.9 
3.9 
3.9 

2 








CDI+ 


Mean 


SD 


Mean 


SD 


P 


Total score 


18.86 


9.24 


4.56 


3.40 


p < 0.001 


RCADS* 


Mean 


SD 


Mean 


SD 


p 


Total of five anxiety 
scale scores 


31.65 


14.46 


14.85 


12.83 


p < 0.001 



^CDI questionnaire data was missing for one participant with an adjustment dis- 
order Witt) depression diaractehstics, resulting in N = 24 for the total sample. 
"RCADS anxiety subscale questionnaire data was missing for three participants 
(one with an adjustment disorder with depression and anxiety characteristics 
and two with a depressive disorder) resulting in N= 22 for the total sample. 



The adolescents from the clinical group were recruited in 
outpatient departments of two child and adolescent psychiatric 
institutes. The inclusion criteria were: having a clinical diagnosis 
of any depression or anxiety disorder, being referred for regular 
CBT-like psychotherapy, and being treatment naive. They were 
excluded when other primary diagnoses were present or when 
they used psychotropic medications. The healthy control group 
adolescents were recruited through local advertisement, with the 
following inclusion criteria: no clinical scores on validated mood 
and behavioral questionnaires, no history of traumatic experi- 
ences and no current psychotherapeutic intervention of any kind. 
All participants met the following inclusion criteria: aged between 
12 and 19, estimated full scale IQ > 80, right-handed, normal, 
or corrected-to-normal vision, sufficient understanding of the 
Dutch language, no history of neurological impairments and no 
contraindications for MRI testing. 

For all participants, estimated fuU-scale IQ scores were 
acquired with six subtests of the Wechsler Intelligence Scale for 
Children-Ill or the Wechsler Adult Intelligence Scale (Wechsler, 
1991, 1997). Both the clinical group [Mean(5D) = 105(8.73)] and 
the control group [Mean(5£)) = 106(7.53)] scored in the aver- 
age range. Overall, there were no significant differences between 
the groups considering age [f(i 49) = 2.73, p = 0.105], estimated 
full scale IQ [P(i, 49) = 0.368,p = 0.547] andsex[x^(l) = 0.214, 
p = 0.642], and aU participants were drug- and treatment naive. 

Ten additional participants (clinical N = 5, control N = 5) 
were excluded from the analyses due to: unforeseen clinical fea- 
tures (N = 1 control), use of medication (SSRI's; N = 1 clini- 
cal), technical problems during scanning (N = 3 clinical, N = 1 
control), excessive head movement (>3 mm, N = 2 control) or 
anomalous findings reported by the radiologist (N = 1 clinical, 
JV = 1 control). 

Informed consent was obtained by participants, and by par- 
ents and participants in case of minors. The adolescents received 
a financial compensation including travel expenses for partici- 
pation. The medical ethics committee of the Leiden University 
Medical Centre approved the study and all anatomical scans were 
reviewed and cleared by a radiologist. 

CLINICAL ASSESSMENT 

Participants of the clinical group were included if they were diag- 
nosed with any current DSM-IV depressive or anxiety disorder 
following clinical assessment by a child- and adolescent psy- 
chiatrist. Categorical DSM-IV diagnoses were further assessed 
with the Anxiety Disorders Interview Schedule (ADIS) for chil- 
dren and parents (Silverman and Albano, 1996). In addition, 
standardized dimensional measures were used for assessing the 
severity of self-reported symptoms of depression and anxiety; 
i.e., the Children's Depression Inventory (CDI; Kovacs, 1992) 
and the Revised Child Anxiety and Depression Scale (RCADS; 
Chorpita et al, 2000). The CDI is a self-report questionnaire with 
27 items that correspond with dimensions of DSM-IV depres- 
sive disorders, and is scored on a 3-point Likert scale (0 = 
absence of symptomatology to 2 = severe symptomatology). The 
RCADS is a self-report questionnaire with 47 items that cor- 
respond with dimensions of DSM-IV depressive and anxiety 
disorders. The items are descriptive statements that are scored 
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on a 4-point Likert scale (0 = never to 3 = always). In the 
current study, we only used the total score of the five RCADS 
anxiety scales. For the control group, the same clinical instru- 
ments were used. Control group adolescents were excluded when 
they fijlfiUed the criteria for a DSM-IV diagnosis (ADIS inter- 
view) or had sub-clinical scores on clinical questionnaires. Both 
questionnaires showed high levels of internal consistency: alpha 
for the GDI total scale 0.94 and for the RCADS anxiety subscale 
was 0.95. 

TASK 

We administered an emotional faces task that was originally 
developed by McClure et al. (2007; Monk et al, 2003) and 
that showed robust differences in brain activation patterns 
between participants with and without internalizing disorders. 
We described the adaptations we made in detail previously (van 
den Bulk et al, 2013). In short, the task consisted of three con- 
strained (questions: "how afraid are you?," "how happy are you?," 
and "how wide is the nose?") and one unconstrained (passive 
viewing) attention condition. After condition presentation, par- 
ticipants viewed 21 emotional faces (fearful, neutral or happy 
facial expression with an equal distribution of male and female 
actors) per attention condition, which they had to rate on a four- 
point rating scale [(1) not at all; (2) a little; (3) quite; and (4) 
very]. During the task, reaction times and subjective scorings of 
the different emotional faces (fearful, happy, or neutral) were 
recorded for behavioral analyses. 

All trials had the same structure: first participants were pre- 
sented with one of the attention conditions for 4000 ms which was 
followed by a centrally located fixation cross with a jittered inter- 
val between 500 and 6000 ms. Thereafter, one of the pictures was 
shown for 3000 ms again followed by a centrally located fixation 
cross (Figurel). Nothing happened when participants did not 
respond within 3000 ms and those trials were recorded as missing 
trials (1.53% in total), which were not included in the analyses. 
We are aware of the ongoing debate whether the term "neutral" 
faces exist, or whether the term "ambiguous" faces should be 
used (e.g., Tahmasebi et al, 2012), but for consistency with our 
previous paper we use the term "neutral" faces. 



IMAGE ACQUISITION 

Data were acquired using a 3.0T Philips Achieva (Philips, Best, 
The Netherlands) scanner at the Leiden University Medical 
Centre. Stimuli were presented onto a screen located at the head 
of the scanner bore and viewed by participants by means of a 
mirror mounted to the head coil assembly. First, a localizer was 
obtained for each participant. Subsequently, T2* -weighted Echo- 
Planar Images (EPI) {TR = 2.2 s. TE = 30 ms, 80 x 80 matrk, 
FOV = 220, 38 slices of thickness 2.72 mm) were obtained dur- 
ing three functional runs of 192 volumes each. Each run had two 
additional scans at the start that were discarded to allow for equi- 
libration of Tl saturation effects. Also, a sagittal 3-dimensional 
gradient-echo Tl-weighted image was acquired for registration 
purposes with the following scan parameters: repetition time = 
9.8 ms; echo time = 4.6 ms; flip angle = 8°; 140 sagittal slices; 
no slice gap; FOV = 224; 1.17 x 1.17 x 1.20 mm voxels; duration 
4:56 min. 

BEHAVIORAL ANALYSES 

The effects of emotional faces on subjective scoring were exam- 
ined for each attention condition separately, using group (2 
levels) X emotion (3 levels) repeated measurement ANOVAs in 
SPSS 19. The scores were analyzed separately for each attention 
condition, because values of the scores represent different inter- 
pretations for each condition. For reaction time, one repeated 
measurement ANOVA was performed with a group (2 levels) by 
emotion (3 levels) design. In case sphericity was not assumed, 
Greenhouse-Geisser correction (GG-corr.) was applied. No out- 
liers were detected in the task data and the questionnaire data. 

fMRI ANALYSES 

We used SPM8 (Welcome Department of Cognitive Neurology, 
London) to analyze the acquired data. Data was preprocessed 
using the following steps: (1) realignment of functional time 
series to compensate for small head movements and differences 
in slice timing acquisition; (2) registration and normalization 
of functional volumes (from EPI to individual structural Tl 
and thereafter to the Tl template); (3) spatial smoothing of the 
functional volumes with an 8 mm, full- width at half-maximum 
isotropic Gaussian kernel. The normalization algorithm used a 
12-parameter affine transformation together with a non-linear 
transformation involving cosine basis functions and resam- 
pled the volumes to 3 mm. cubic voxels. The MNI (Montreal 
Neurological Institute) 305 stereotaxic space templates (Cocosco 
et al., 1997) were used for visualization and all results are reported 
in this template, which is an approximation of Talairach space 
(Talairach and Tournoux, 1988). 

Individual subjects' data were analyzed using the general linear 
model in SPM8. The fMRI time series were modeled by a series of 
events convolved with a canonical hemodynamic response func- 
tion (HRF). The attention conditions were modeled separately as 
4000 ms events and were added as covariates of no interest. The 
picture presentation of each emotional face was modeled as a zero 
duration event. In the model, the picture presentation was further 
divided in 12 separate function trials (four attention conditions 
by three expressed emotions). The modeled events were used as 
a covariate in a general linear model along with a basic set of 




4000 ms jinered 3000 ins jiltered 3000 ms 

500-6000 ms 500-6000 ms 



Time 

FIGURE 1 I Overview of task design. Participants were presented with an 
attention condition, followed by a centrally located fixation cross. Thereafter, 
they saw one of the emotional faces, again followed by a centrally located 
fixation cross, after which another emotional face was shown. Participants 
had to rate each emotional face on a four-point rating scale ranging from 
"not at all" to "very," based on the presented attention condition. 
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cosine functions that liigli-pass filtered the data. The least squares 
parameter estimates of the height of the best-fitting canonical 
HRF for each condition were used in pair wise contrasts (e.g., 
all faces vs. fixation and fearful faces vs. fixation). The resulting 
contrast images, computed on a subject-by-subject basis, were 
submitted to group analyses. At the group level, we performed 
a full factorial model in which we included a factor called con- 
dition (12 levels, condition > null contrasts) and a factor called 
group (2 levels). We were mainly interested in the main effect of 
group, the interaction effect of group x condition and the over- 
all task effects. Task-related responses were considered significant 
if they consisted of at least 10 contiguous voxels at a corrected 
threshold ofp < 0.05 (FDR corrected). 

We used the MarsBaR toolbox for use with SPM8 (http:// 
marsbar.sourceforge.net/; Brett et al., 2002) to perform region 
of interest (ROI) analyses to further investigate patterns of acti- 
vation. ROIs were defined based on a priori hypothesis about 
the bUateral amygdala (anatomically defined). No outliers were 
detected in the ROI output. 

CORRELATION AND REGRESSION ANALYSES 

To examine the relation between symptom severity and amygdala 
activation patterns, we correlated scores of the anxiety scale of 
the RCADS and the total GDI score with the ROI percent sig- 
nal change values of the whole anatomically defined amygdala 
in SPSS. Furthermore, we performed stepwise regression analyses 
with percent signal change values as a dependent variable and the 
demeaned scores of the RCADS anxiety scale, GDI total scale and 
an interaction term of these two as independent variables. The 
correlation and regression analyses were performed for each emo- 
tion separately, collapsed across attention conditions, resulting in 
three regression analyses. There were no outliers in the data (i.e., 
deviating >3 standard deviations) and expectation maximization 
was used when items in the RCADS (3 in total) and CDI (6 in 
total) were missing. 

RESULTS 
BEHAVIORAL DATA 

Subjective rating 

The repeated measurement AN OVA for the condition "how afraid 
are you?" resulted in a main effect of emotion [_F(2, 95) = 36.66, 
p < 0.001, GG-corr.], with higher subjective scorings for fearful 
faces than for neutral and happy faces (resp. p < 0.005 and p < 
0.001) and higher scorings for neutral faces compared to happy 
faces ip < 0.001). Furthermore, there was a trend for an inter- 
action effect between emotion and group [F(2, 98) = 3.33, p = 
0.054, GG-corr.] , with higher scorings for fearful faces in the clin- 
ical group compared to the control group. The ANOVA for the 
condition "how happy are you?" resulted in a main effect of emo- 
tion [_F(2, 98) = 100.53, p < 0.001, GG-corr.] and a main effect 
for group [_F(i, 49) = 8.44, p < 0.01]. Furthermore, this ANOVA 
resulted in an emotion x group interaction [_F(2, 98) = 4.24, 
p < 0.05, GG-corr.] in which the clinical group gave lower rat- 
ings to fearful and neutral faces than the control group (p < 0.001 
andp < 0.05, respectively). Finally, the ANOVA for the condition 
"how wide is the nose?" resulted in a main effect for emotion 
[^^(2,98) = 331.39, p < 0.001], with higher subjective scoring for 



happy faces than for fearful and neutral faces (both p's < 0.001). 
Also, subjective scoring was higher for fearful faces than for neu- 
tral faces (p < 0.001). There was no main effect of group or an 
interaction effect with group in this condition. See also Figure 2 
for an overview of the behavioral effects. 

Reaction Times 

The ANOVA for reaction times resulted in a main effect for emo- 
tion [f(2,98) = 4.04, p < 0.05], with higher reaction times for 
fearful faces than for happy faces {p = 0.05). 

WHOLE BRAIN ANALYSES 

We first performed whole brain analyses to examine whether 
the task activated brain regions that were previously found to be 
related to emotional face processing. The whole brain Omnibus 
ANOVA for the positive effect of condition showed activation in 
bilateral amygdala, bilateral insula and bilateral prefrontal cortex 
(PFC; see also Figure 3A). To further investigate the task effect we 
created the contrasts fearful faces > fixation, happy faces > fixa- 
tion and neutral faces > fixation (Figures 3B-D). These contrasts 
resulted in activation in (bilateral) amygdala, bilateral insula, and 
bilateral PFC. Finally we created the contrasts fearful faces > neu- 
tral faces en happy faces > neutral faces. These contrasts resulted 
in activation in the bilateral amygdala, bilateral uncus and 
bilateral inferior frontal gyrus/insula for fearful faces > neutral 
faces and activation in the left amygdala, left insula en medial pre- 
frontal cortex for happy faces > neutral faces (Figures 3E,F; see 
also Table 81). 

To examine whether the amygdala specifically was responsive 
to emotional valence and not to attention condition (as expected 
based on our previous study, van den Bulk et al., 2013), we 
also created the contrasts fear rating > passive viewing, happy 
rating > passive viewing, nose rating > passive viewing, fear 
rating > nose rating, and happy rating > nose rating. The anal- 
yses showed that all active conditions resulted in more activation 
in bilateral PFC compared to the passive viewing condition. 
Importantly, amygdala activation was not modulated by attention 
condition. 

Furthermore, we examined the main effect of group and the 
interaction effect between group and condition. These contrasts 
showed no significant patterns of brain activation for the main 
effect of group and for the interaction effect between group and 
condition, suggesting that there are no significant differences in 
whole brain activation between groups and for all conditions. 

REGION OF INTEREST ANALYSES 

The analyses presented above were followed up by ROI analy- 
ses allowing us to detect smaller changes in specific regions that 
do not survive whole-brain comparisons, thereby allowing for 
a more detailed test of potential group differences. Results are 
reported for anatomically defined amygdala ROIs, based on the 
MNI templates available in SPM (see Figure 4). The percent sig- 
nal change values of the left and right ROI were submitted to 
attention condition (4 levels) x emotion (3 levels) x group (2 
levels) ANOVAs. Results were highly comparable for the masked 
functional amygdala ROIs, based on the contrast all faces > 
fixation, FDR corrected, p < 0.05, at least 10 continues voxels. 
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How afraid are you? 



I control 
i clinical 



Happy 



How happy are you? 



Happy 



How wide Is the nose? 



Nautral 



Neutral 



Fear Happy Neutral Fear Happy 

FIGURE 2 I Mean reaction times in milliseconds across ail attention conditions and mean subjective scoring per attention condition, "p < 0.05. 



The ANOVA for left amygdala resulted in a main effect of 
emotion [F{2, 98) = 10.09, p < 0.001, ri^^^^j^j = 0.171]. Post-hoc 
analysis showed that amygdala was more active for fearful and 
happy faces than for neutral faces (resp.p = 0.001 andp < 0.01), 
while fearful and happy faces did not differ from each other 
(p = 0.40). Comparable results were obtained for the right amyg- 
dala, with a main effect of emotion (2, 93) = 5.66, p = 0.005, 
'Ipartial ~ 0.104] resulting in more amygdala activation to fear- 
ful faces than to neutral faces {p < 0.05). There were no main or 
interaction effects with group. For both regions there was no main 
effect of group [left: 49) = 0.11, p = 0.74, = 0.002; 

right: _F(i_ 49) = 1.57, p = 0.22, T)p^j.jj^[ = 0.031], no interaction 
effect between group and attention condition [left: _F(3, 147) = 
0.62, p = 0.60, Ti^^^ji^j = 0.013; right: Py, 147) = 1.21, p = 0.31, 
^partial ~ 0.024] and no interaction effect between group and 
emotion [left: f(2, 98) = 0.61, p = 0.54, ti^^^j^ = 0.012; right: 
F(2, 98) = 0.05,p = 0.95, r,2^^j^ = 0.001]. 

RELATION BETWEEN DEPRESSION/ANXIETY SYMPTOMS AND 
AMYGDALA ACTIVATION 

When correlating the percent signal change values of the amyg- 
dala ROIs (separately for fearful, happy and neutral faces relative 
to fixation) with anxiety (RCADS) and depression symptoms 
(GDI), we only found significant positive correlations between 
right amygdala activation and self-reported anxiety for fear- 
ful, happy, and neutral faces relative to fixation in the clinical 
group (Figures). The significant correlations ranged between 
r = 0.49 and r = 0.54, all with p < 0.05 (see also Table S2). 
We found no significant correlations for self-reported depression 



symptoms in the clinical group (all p's > 0.10). Furthermore, 
we found no significant correlations between amygdala activa- 
tion and anxiety or depression symptomatology for the com- 
plete sample {N = 51; all p's > 0.17) and the control group 
(aUp's>0.21). 

We performed three linear regression analyses for N = 22 ado- 
lescents from the clinical group with percent signal change of 
the amygdala ROT (for fearful, happy, and neutral relative to fix- 
ation separately) as dependent variable and demeaned anxiety 
score (RCADS), depression score (CDI score; both in model I) 
and the interaction between both (in model II) as independent 
variables. For the regression analyses in which we included amyg- 
dala activation when viewing fearful faces, the results showed 
that model I explained 29% of variance [i?^ = 0.290, F(2, 21) = 
3.884, p < 0.05] and that the anxiety scores significantly pre- 
dicted amygdala activation when viewing fearful faces (fJ = 0.509, 
p < 0.05). Model II, in which the interaction between anxiety 
and depression scores was included, did not result in an increase 
in explained variance and was not significant. When performing 
the same analyses with amygdala activation when viewing neutral 
faces as dependent variable, model I explained 29.5% of variance 
[R^ = 0.295, f(2, 21) = 3.977, p < 0.05] and again the anxiety 
scores predicted amygdala activation (P = 0.499, p < 0.05). In 
the analysis for happy faces model I explained 23.9% of variance 
[R^ = 0.239,F(2, 21) = 2.991, p = 0.074] which was at trend level 
and anxiety scores predicted amygdala activation (P = 0.480, p = 
0.057). 

Analyses reported were also performed while including age in 
years in step one and when excluding males. The results of these 
analyses were highly comparable with the results reported here. 
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FIGURE 3 I Whole brain contrast showing effects for (A) positive faces; and (F) happy faces > neutral faces (A/ = 51; FDR corrected, 

effect of condition; (B) fearful faces > fixation; (C) happy faces > p < 0.05; 10 contiguous voxels). MNI coordinate coronal slices: 
fixation; (D) neutral faces > fixation; (E) fearful faces > neutral x = 21, y =—4, z = —17. 



DISCUSSION 

The objective of this study was to investigate emotional face pro- 
cessing in a sample of treatment naive adolescents with a depres- 
sion or anxiety diagnosis. In this sample with comorbid depres- 
sion and anxiety symptoms we investigated the contribution 
of self-reported dimensional depression and anxiety scores to 



specific patterns of amygdala activation. The emotional face pro- 
cessing task activated expected brain regions in the emotional 
face processing network (e.g., bilateral amygdala, bilateral insula, 
and bilateral PFC). Contrary to prior reports (Thomas et al., 
2001; Roberson-Nay et al, 2006; McClure et al, 2007; Monk 
et al., 2008a,b), we found no differences between the clinical 
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FIGURE 4 I ROI analyses of left and right amygdala (anatomical). Results are collapsed across attention conditions, 'p < 0.05. 



group and the control group in the whole brain analyses or 
in the more specific ROI analyses of the amygdala. However, 
consistent with other prior studies (e.g., Thomas et al, 2001) 
we found strong positive correlations within the clinical group 
between levels of self-reported anxiety symptoms and right amyg- 
dala activation, for all three types of emotional valence (i.e., 
fearful, happy, and neutral face processing). Interestingly, there 
were no significant relations between amygdala activation and 
self-reported depression symptoms. Follow-up regression analy- 
ses confirmed that levels of self-reported anxiety were predictive 
for right amygdala activation. These correlation and regression 
effects were not present in the complete sample of N = 51 and 
not in the control group. This suggests that the relation between 
self-reported anxiety symptomatology and amygdala activation 
may be specific for adolescents with depressive/ anxiety disorders. 



Furthermore, it might indicate that there was not enough 
variance within the scores of the control group to find significant 
correlations. 

The whole brain results showed bilateral amygdala activation 
to fearful, happy and neutral faces, with a stronger response to 
fearful and happy faces in the left amygdala and to fearful faces 
only in the right amygdala. These results correspond to the exist- 
ing literature in which heightened patterns of amygdala activation 
are often reported when viewing negative emotional faces (see for 
an overview Davis and Whalen, 2001; Costafreda et al., 2008). 
Notably, researchers have shown that the amygdala also responds 
to positive emotional faces (e.g., Somerville et al., 2004; Fusar-Poli 
et al., 2009; van den Bulk et al., 2013). The results of our study cor- 
respond to these findings and support prior conclusions that the 
amygdala is more of a general emotion processing node than only 
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FIGURE 5 I Scatter plots of the correlation analyses between scoring on the anxiety subscale of the RCADS. Results are 

right amygdala activation (anatomical ROI) during the presented for N =22 adolescents with a depressive and/or anxiety 

processing of fearful, happy, and neutral faces and subjective disorder. 
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a negativity/fear processing node (Whalen, 1998; Cunningham 
etal, 2008). 

Previous studies in which adolescents with a clinical depres- 
sion or anxiety disorder were included, reported differentiating 
patterns of amygdala activation in the clinical group when they 
were compared with a control group (Thomas et al., 2001; 
Roberson-Nay et al, 2006; McClure et al, 2007; Monk et al, 
2008a,b). Yet, in the current study we could not replicate these 
results: the clinical adolescents did not show significantly dif- 
ferentiating patterns of amygdala activation on whole brain or 
ROI level. The absence of this effect was present in contrasts 
in which we used fixation as baseline condition and in which 
we used neutral faces as baseline condition. One of the rea- 
sons that we did not find group differences in amygdala activa- 
tion may be due to the changes we made to the original task 
(see van den Bulk et al., 2013) or differences in recruitment 
between studies. For example, we chose to include stimuli of 
fearful, happy and neutral facial expressions and not of angry 
and sad facial expressions. Also, we used direct gaze instead 
of averted gaze, only one head orientation (straight) and we 
asked the participants to focus on their own subjective experi- 
ence during face viewing. It might be that the use of other task 
designs (e.g., rating of arousal or valence; see for an overview 
Costafreda et al, 2008; Sauer et al, 2013) results in different 
findings. 

Furthermore, prior studies have differed by including ado- 
lescents with only a specific depressive or anxiety disorder. We 
included adolescents with various clinical diagnoses of affective 
disorders in our study, as we feel that taking a more dimen- 
sional approach is more ecologically valid given the frequent 
comorbidity between depressive and anxiety disorders and symp- 
tomatology (e.g., Essau, 2008). Furthermore, previous research 
indicated that depression is often (72% of cases in commu- 
nity setting and 62% of cases in clinical setting) preceded by 
an anxiety disorder (Essau, 2008), which also highlights the 
tight relation between these disorders. By including a com- 
bined group and by taking the comorbidity of symptomatology 
into account we were able to investigate the specificity of the 
underlying mechanisms in both depressive and anxiety disor- 
ders. We think that this is a better approach to these clinical 
disorders. 

Although we did not find a significant difference in amygdala 
activation between groups, we were still interested in the unique 
contribution of self-reported depression and anxiety symptoms 
to amygdala activation. That is to say, an individual difference 
analysis may be more sensitive for detecting heightened amyg- 
dala activation, as this may be present more in those adoles- 
cents with most severe problems. When taking the dimensional 
perspective of symptom severity into account, we found a sig- 
nificant positive relation between levels of self-reported anxiety 
and amygdala activation in the clinical group, which is in line 
with previous clinical studies (e.g., Thomas et al., 2001). The 
current findings suggest that the level of anxiety symptoms, and 
not depression symptoms, seems to be a good predictor for 
differentiating patterns of amygdala activation independent of 
clinical disorder/diagnosis. This in turn might suggest that dur- 
ing adolescence anxiety symptoms and the relation with amygdala 



activation is an underlying trait characteristic for both depres- 
sion and anxiety disorders and that depression symptoms are 
more a state characteristic. In the current study, adolescents 
who score high on anxiety symptomatology show more amyg- 
dala activation independent of emotional valence. It might be 
that these adolescents show a heightened vigilance in general and 
not only for scary or frightening situations. In future research 
this should be further investigated by, for example, also collect- 
ing data on personality traits like "neuroticism" or by applying 
the state trait anxiety inventory (STAI; Spielberger et al., 1983). 
Research already indicated that both state and trait anxiety highly 
relates to neuroticism (del Barrio et al, 1997; Kotov et al., 2010) 
and it would be interesting to further investigate the relation 
between state and trait anxiety symptoms, neuroticism, and dif- 
ferentiating patterns of amygdala activation. When translating the 
current findings to our understanding of the symptoms belong- 
ing to anxiety and when taking the absence of the effect in the 
control group into account, it might be that there is a predis- 
position for the development of depression or anxiety that may 
be expressed by personality styles like neuroticism. However, 
these ideas are highly speculative and further research is nec- 
essary to investigate this. For example, it would be interesting 
to see whether chQdren/young adolescents who score high on 
neuroticism earlier in life have a higher chance of developing 
depression and/or anxiety during adolescence/young adulthood 
and to see whether this relates to differentiating patterns of 
amygdala activation. 

There are some limitations in the current study that should be 
mentioned. First, even though the sample size of both our groups 
{N = 25 clinical adolescents and N = 26 controls) is relatively 
large compared to other studies (e.g., Thomas et al., 2001; Monk 
et al, 2008b) it might have been too small to find robust group 
differences. In addition, including a larger group of adolescents 
with clinical depression and anxiety disorders would be help- 
ful to examine the relationship between anxiety and depression 
symptoms with amygdala activation in more detail. Therefore, 
future studies should aim for a more equal distribution between 
adolescents with DSM-IV depression and anxiety diagnosis and 
larger sample sizes to better isolate the relative contributions of 
depression and anxiety symptoms on a dimensional scale. Second, 
the age range of the participating adolescents was quite broad. 
Previous research has indicated that amygdala activation might 
be influenced by development, since children, adolescents and 
adults show different activation patterns when viewing emotional 
faces (Hare et al., 2008; Somerville et al, 2011). Even though 
we did not find age effects in our study, future studies should 
include adolescents within a smaller age range and ideally use 
multiple adolescent groups with slightly different ages to examine 
the developmental pattern of amygdala activation in both clinical 
and non-clinical adolescents. Within these future studies it would 
also be interesting to investigate the effect of puberty in rela- 
tion to depressive and anxiety disorders, symptomatology, and 
amygdala activation. Levels of progesterone, which relate to the 
menstrual cycle in females, influence patterns of amygdala activa- 
tion during emotional face processing (Derntl et al., 2008). This 
probably also relates to puberty, and maybe even to depression 
or anxiety symptomatology. In the current study we did collect 
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information about puberty stages (not about menstrual cycle), 
but the majority of adolescents already met post-puberty crite- 
ria and there was not enough variability within the sample to 
perform valid analyses. Finally, our sample included more female 
than male participants, which might have influenced our results. 
However, it is known that depressive and anxiety disorders are 
much more common in females than in males, which might 
underline the clinical validity of our sample. Nevertheless, it 
would be interesting to examine sex differences on the func- 
tioning of the amygdala related to face processing in future 
studies. 

To conclude, the current study revealed that levels of self- 
reported anxiety were associated with patterns of amygdala acti- 
vation for different types of emotional faces and across clinical 
diagnoses. Our findings thereby confirmed our hypothesis that 
anxiety symptoms are related to amygdala activity, but discon- 
firmed the hypothesis that clinical groups in general are differ- 
ent from healthy control participants. As such, a dimensional 
perspective seems to be a better approach for differentiating 
patterns of brain activation than categorical division of clin- 
ical vs. non-clinical adolescents. In future research, it will be 
important to include longitudinal measurements to further inves- 
tigate the relation between symptomatology, amygdala activation 
and treatment outcome in adolescents. Also, it would be inter- 
esting to include functional connectivity analyses to examine 
the relation between differentiating patterns of amygdala acti- 
vation and connectivity with other brain regions, for example 
PFC. These suggestions are in line with the research Domain 
Criteria approach in which a dimensional approach is consid- 
ered important to advance understanding of mental disorders 
(Insel et al, 2010). Extending our knowledge on these topics, 
can give more information about individual differences in treat- 
ment outcome. The results of those studies can set the stage 
for the development of new diagnosis and treatment guidelines 
for adolescent depressive and anxiety disorders. This study is 
a first step in this process by highlighting the need for more 
research to better characterization of participant groups in future 
studies. 
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Table S1 | Whole brain activation patterns for the contrasts: (A) positive 
effect of condition; (B) fearful faces > fixation; (C) happy faces > fixation; 
(D) neutral faces > fixation; (E) fearful faces > neutral faces; and (F) happy 
faces > neutral faces. Coordinates represent significant peaks of activation 
at p < 0.05, FDR-corrected, 10 contiguous voxels and are listed in MNI 
space. *p < 0.05 when corrected for multiple comparisons at cluster-level 
(FWE). 

Table S2 | Pearson correlations between anxiety (RCADS) and depression 
(GDI) subscale scores and parameter estimates of left and right amygdala 
ROI values for N = 22 adolescents from the clinical group. 

REFERENCES 

Ball, T. M., Sullivan, S., Flagan, T., Hitchcock, C. A., Simmons, A., Paulus, M. P., 
et al. (2012). Selective effects of social anxiety, anxiety sensitivity, and nega- 
tive affectivity on the neural bases of emotional face processing. Neuroimage 
59, 1879-1887. doi: 10.1016/j.neuroimage.2011.08.074 

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. 1., and van 
Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and 
nonanxious individuals: a meta-analytic study. Psychol. Bull. 133, 1-24. doi: 
10.1037/0033-2909.133.1. 1 

Beesdo, K., Lau, J. Y. R, Guyer, A. E., McClure-Tone, E. B., Monk, C. S., Nelson, 
E. E., et al. (2009). Common and distinct amygdala-fucntion perturbations 
in depressed vs. anxious adolescents. Arch. Gen. Psychiatry 66, 275-285. doi: 
10.1001 /archgenpsychiatry.2008 .545 

Brett, M., Johnstrude, 1. S., and Owen, A. M. (2002). The problem of func- 
tional localization in the human brain. Nat. Rev. Neurosci. 3, 243-249. doi: 
10.1038/nrn756 

Brotman, M. A., Rich, B. A., Schmajuk, M., Reisig, M., Monk, C. S., Dickstein, D. 
P., et al. (2007). Attention bias to threat faces in children with bipolar disor- 
der and comorbid lifetime anxiety disorders. Biol. Psychiatry 61, 819-821. doi: 
10.1016/j.biopsych.2006.08.021 

Chorpita, B. R, Yim, L., Moffitt, C, Umemoto, L. A., and Francis, S. E. (2000). 
Assessment of symptoms of DSM-IV anxiety and depression in children: a 
revised child anxiety and depression scale. Behav. Res. Ther. 38, 835-855. doi: 
10.1016/S0005-7967{99)00130-8 

Cocosco, C. A., KoUokian, V., Kwan, R. K. S., and Evans, A. C. (1997). 
BrainWeb: online interface to a 3D MRI simulated brain database. Neuroimage 
5:s425. 

Costafreda, S. G., Brammer, M. J., David, A. S., and Fu, C. H. (2008). Predictors 
of amygdala activation during the processing of emotional stimuli: a meta- 
analysis of 385 PET and fMRI studies. Brain Res. Rev. 58, 57-70. doi: 
10.1016/j.brainresrev.2007.10.012 

CosteUo, E. J., Copeland, W., and Angold, A. (2011). Trends in psychopathology 
across the adolescent years: what changes when children become adolescents, 
and when adolescents become adults? /. Child Psychol. Psychiatry 52, 1015-1025. 
doi: 10.1 1 1 1/j. 1469-7610.201 1.02446.x 



Frontiers in Human Neuroscience 



www.frontiersin.org 



June 2014 | Volume 8 | Article 393 | 11 



van den Bulk et al. 



Amygdala activation related to depression/anxiety 



Cunningham, W. A., van Bavel, J. J., and Johnsen, I. R. (2008). Affective flexibility: 
evaluative processing goals shape amygdala activity. Psychol. Sri. 19, 152-160. 
doi: 10. 1 1 1 l/j. 1467-9280.2008.02061.X 

Davis, M., and Whalen, P. J. (2001). The amygdala: vigilance and emotion. Mol 
Psychiatry 6, 13-34. doi: 10.1038/sj.mp.4000812 

del Barrio, V., Moreno-Rosset, C, Lopez-Martinex, R., and Olmedo, M. (1997). 
Anxiety, depression and personality structure. Pers. Indiv. Diff. 23, 327-335. doi: 
10.1016/50191-8869(97)00030-5 

Derntl, B., Windischberger, C, Robinson, S., Lamplmayr, E., Kryspin-Exner, 1., 
Gur, R. C, et al. (2008). Facial emotion recognition and amygdala activa- 
tion are associated with menstrual cycle phase. Psychoneuroendocrinology 33, 
1031-1040. doi: 10.1016/j.psyneuen.2008.04.014 

Essau, C. A. (2008). Comorbidity of depressive disorders among adoles- 
cents in community and clinical settings. Psychiatry Res. 158, 35^2. doi: 
10.1016/j.psychres.2007.09.007 

Fusar-Poli, P., Placentino, A., Carletti, E, Landi, P., Allen, P., Surguladze, S., 
et al. (2009). Functional atlas of emotional faces processing: a voxel-based 
meta-analysis of 105 functional magnetic resonance imaging studies. 
/. Psychiatry Neurosci. 34, 418—432. 

Hare, T. A., Tottenham, N., Galvan, A., Voss, H. U., Glover, G. H., and Casey, B. 
J. (2008). Biological substrates of emotional reactivity and regulation in ado- 
lescence during an emotional go-nogo task. Biol. Psychiatry 63, 927-934. doi: 
10.1016/j.biopsych.2008.03.015 

Hulvershorn, L. A., Cullen, K., and Anand, A. (2011). Toward dysfunctional 
connectivity: a review of neuroimaging findings in pediatric major depres- 
sive disorder. Brain Imaging Behav. 5, 307-329. doi: 10.1007/sll682-011- 
9134-3 

Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., et al. 
(2010). Research domain criteria (RDoC): toward a new classification frame- 
work for research on mental disorders. Am. ]. Psychiatry 167, 748-751. doi: 
10.1176/appi.ajp.2010.09091379 

Kessler, R. C, Avenevoli, S., Costello, E. J., Georgiades, K., Green, ). G., Gruber, 
M. 1., et al. (2012). Prevalence, persistence, and sociodemographic correlates 
of DSM-IV disorders in the national comorbidity survey replication adolescent 
supplement. Arch. Gen. Psychiatry 69, 372-380. doi: 10.1001/archgenpsychia- 
try201 1.160 

Kotov, R., Gamez, W., Schmidt, F., and Watson, D. (2010). Linking big personal- 
ity traits to anxiety, depressive, and substance use disorders: a meta-analysis. 
Psychol. Bull. 135, 768-821. doi: 10.1037/a0020327 

Kovacs, M. (1992). The Children's Depression Inventory (CDI) Manual. New York, 
NY: MultiHealth Systems. 

Lewinsohn, P. M., Rohde, P., and Seeley, J. R. (1995). Adolescent psy- 
chopathology: III. The clinical consequences of comorbidity. /. Am. Acad. 
Child Adolesc. Psychiatry 34, 510-519. doi: 10.1097/00004583-199504000- 
00018 

McClure, E. B., Monk, C. S., Nelson, E. E., Parrish, J. M., Adler, A., Blair, R. 
1., et al. (2007). Abnormal attention modulation of fear circiut function in 
pediatric generalized anxiety disorder. Arch. Gen. Psychiatry 64, 97—106. doi: 
lO.lOOl/archpsyc.64.1.97 

Mingtian, Z., Shut]iao, Y., Xiongzhao, Z., linyao, Y, Xueling, Z., Xiang, W., 
et al. (2012). Elevated amygdala activativity to negative faces in young adults 
with early onset major depressive disorder. Psychiatry Res. 201, 107—112. doi: 
10.1016/j.pscychresns.2011.06.003 

Monk, C. S. (2008). The development of emotion-related neural circuitry 
in health and psychopathology. Dev. Psychopathol. 20, 1231-1250. doi: 
10.101 7/S095457940800059X 

Monk, C. S., Grillon, C, Baas, J. M. R, McClure, E. B., Nelson, E. E., Zarahn, E., 
et al. (2003). A neuroimaging method for the study of threat in adolescents. 
Dev. Psychobiol. 43, 359-366. doi: 10.1002/dev.l0146 

Monk, C. S., Klein, R. G., Telzer, E. H., Schroth, E. A., Mannuzza, S., 
Moulton, J. L., et al. (2008a). Amygdala and nucleus accumbens activa- 
tion to emotional facial expressions in children and adolescents at risk for 
major depression. Am. J. Psychiatry 165, 90-98. doi: 10.1176/appi.ajp.2007.061 
11917 

Monk, C. S., Telzer, E. H., Mogg, K., Bradley, B. R, Mai, X., Louro, H. M., et al. 
(2008b). Amygdala and ventrolateral prefrontal cortex activation to masked 
angry faces in children and adolescents with generalized anxiety cUsorder. Arch. 
Gen. Psychiatry, 65, 568-576. doi: lO.lOOl/archpsyc.65.5.568 



Perlman, G., Simmons, A. N., Wu, J., Hahn, K. S., Tapert, S. E, Max, J. E., et al. 
(2012). Amygdala response and functional connectivity during emotion regu- 
lation: a study of 14 depressed adolescents. /. Ajfect. Disord. 139, 75-84. doi: 
10.1016/j.jad.2012.01.044 

Pine, D. S., Guyer, A. E., and Leibenluft, E. (2008). Functional magnetic reso- 
nance imaging and pediatric anxiety. /. Am. Acad. Child Adolesc. Psychiatry 47, 
1217-1221. doi: 10.1097/CHI.0b013e318185dad0 

Roberson-Nay, R., McClure, E. B., Monk, C. S., Nelson, E. E., Guyer, A. E., Fromm, 
S. )., et al. (2006). Increased amygdala activity during successful memory encod- 
ing in adolescent major depressive disorder: an fMRI study. Biol. Psychiatry 60, 
966-973. doi: 10.1016/j.biopsych.2006.02.018 

Sauer, A., Mothes-Lasch, M., Miltner, W. H. R., and Straube, T. (2013). 
Effects of gaze direction, head orientation and valence of facial expres- 
sions on amygdala activity. Soc. Cogn. Ajfect. Neurosci. doi: 10.1093/scan/ 
nstlOO. [Epub ahead of print] . 

Scherf, K. S., Behrmann, M., and Dahl, R. E. (2012). Facing changes and changing 
faces in adolescence: a new model for investigating adolescent-specific interac- 
tions between pubertal, brain and behavioral development. Dev. Cogn. Neurosci. 

I, 199-219. doi: I0.1016/j.dcn.20II.07.0I6 

Shechner, T, Britton, J. C, Perez-Edgar, K., Bar-Haim, Y., Ernst, M., Fox, N. 
A., et al. (2012). Attention biases, anxiety, and development: toward or 
away from threats or rewards? Depress. Anxiety 29, 282-294. doi: I0.I002/da. 
20914 

Silverman, W. K., and Albano, A. M. (1996). Anxiety Disorders Interview Schedule 
for DSM-IV Child Version, Child Interview Schedule. San Antonio, TX: The 

Psychological Corporation. 
Somerville, L. H., Fani, N., and Clure-Tone, E. B. (2011). Behavioral 
and neural representation of emotional facial expressions across the 
hfespan. Dev. Neuropsychol. 36, 408^28. doi: I0.I080/8756564I.20I0. 

549865 

Somerville, L. H., Kim, H., Johnstone, T., Alexander, A. L., and Whalen, P. J. 
(2004). Human amygdala responses during presentation of happy and neu- 
tral faces: correlations with state anxiety. Biol. Psychiatry 55, 897-903. doi: 
10.I0I6/j.biopsych.2004.01.007 

Spielberger, C. D., Gorsuch, R. L., Lushene, R., Vagg, P. R., and Jacobs, G. A. 
(1983). Manual for The State-Trait Anxiety Inventory. Palo Alto, CA: Consulting 
Psychologists Press. 

Stein, M. B., Simmons, A. N., Feinstein, J. S., and Paulus, M. P. (2007). 
Increased amygdala and insula activation during emotion processing in 
amdety-prone subjects. Am. }. Psychiatry 164, 318-327. doi: 10.1176/appi.ajp. 
164.2.318 

Strawn, J. R., Bitter, S. M., Weber, W. A., Chu, W., Whitsel, R. M., Adler, C, et al. 
(2012). Neurocircuitry of generalized anxiety disorder in adolescents: a pilot 
functional neuroimaging and functional connectivity study. Depress. Anxiety 29, 
939-947. doi: 10.1002/da.21961 

Tahmasebi, A. M., Artiges, E., Banaschewski, T., Barker, G. J., Bruehl, R., Buchel, C, 
et al. (2012). Creating probabilistic maps of the face network in the adolescent 
brain: a multicentre fvinctional MRI study. Hum. Brain Mapp. 33, 938-957. doi: 
10.1002/hbm.21261 

Talairach, J., and Tournoux, P. (1988). Co-Planar Stereotaxic Atlas of The Human 
Brain. 3-Dimensional Proportional System: An Approach To Cerebral Imaging. 
New York, NY: Thieme. 

Thomas, K. M., Drevets, W. C, Dahl, R. E., Ryan, N. D., Birmaher, B., Eccard, C. 
H., et al. (2001). Amygdala response to fearful faces in anxious and depressed 
children. Arch. Gen. Psychiatry 58, 1057-1063. doi: lO.lOOl/archpsyc.58. 

II. 1057 

Tottenham, N., Hare, T. A., and Casey, B. J. (2009). "A developmental perspective 
on human amygdala function," in The Human Amygdala, eds P. J. Whalen and 
E. A. Phelps (New York, NY: The Guilford press), 107-117. 

van den Bulk, B. G., Koolschijn, R C. M. R, Meens, R H. R, van Lang, N. D. 
J., van der Wee, N. J. A., Rombouts, S. A. R. B., et al. (2013). How stable 
is activation in the amygdala and prefrontal cortex? A study of emotional 
face processing across three measurements. Dev. Cogn. Neurosci. 4, 65-76. doi: 
10.1016/j.dcn.2012.09.005 

Wechsler, D. (1991). The Wechsler Intelligence Scale for Children — III. San Antonio, 
TX: Psychological Corporation. 

Wechsler, D. (1997). Wechsler Adult Intelligence Scale — III. San Antonio, TX: 
Psychological Corporation. 



Frontiers in Human Neuroscience 



www.frontiersin.org 



June 2014 | Volume 8 | Article 393 | 12 



van den Bulk et al. 



Amygdala activation related to depression/anxiety 



Whalen, P. J. (1998). Fear, vigilance, and ambiguity: initial neuroimaging studies of 
the human amygdala. Curr. Direct. Psychol. Sri. 7, 177-188. doi: 10.1111/1467- 
8721.epl0836912 

Whalen, P. J., Davis, F. C, Oler, J. A., Km, H., Kim, M. J., and Neta, M. (2009). 
"Human amygdala responses to facial expressions of emotion,"in The Human 
Amygdala, eds R J. Whalen and E. A. Phelps (New York, NY: The Guilford 

press), 265-288. 

Yang, T. T., Simmons, A. N., Matthews, S. C, Tapert, S. F., Frank, G. K., Max, ). 
E., et al. (2010). Adolescents with major depression demonstrate increased 
amygdala activation. /. Am. Acad. Child Adolesc. Psychiatry 49, 42—51. doi: 
10.1097/00004583-201001000-00008 

Conflict of Interest Statement: The authors declare that the research was con- 
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 



Received: 17 January 2014; accepted: 16 May 2014; published online: 05 June 2014. 
Citation: van den Bulk BG, Meens PHP, van Lang NDJ, de Voogd EL, van der Wee 
NJA, Rombouts SARB, Crone EA and Vermeiren RRJM (2014) Amygdala activa- 
tion during emotional face processing in adolescents with affective disorders: the role 
of underlying depression and anxiety symptoms. Front. Hum. Neurosci. 8:393. doi: 
10.3389/fnhum.2014.00393 

This article was submitted to the journal Frontiers in Human Neuroscience. 

Copyright © 2014 van den Bulk, Meens, van Lang, de Voogd, van der Wee, 
Rombouts, Crone and Vermeiren. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License (CCBY). The use, 
distribution or reproduction in other forums is permitted, provided the orig- 
inal author(s) or licensor are credited and that the original publication in 
this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these 
terms. 



Frontiers in Human Neuroscience 



www.frontiersin.org 



June 2014 | Volume 8 | Article 393 | 13 



